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(54) LAMINATED THERMISTOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laminated thermistor, the 
resistance value of which can be designed easily and which can be 
manufactured at high yield and has a superior moisture resistance. 
SOLUTION: A laminated thermistor is provided with a pair of external 
electrodes 4a and 4b and at least one or more pairs of internal 
electrodes 2a and 2b connected electrically to the external electrodes 
4a and 4b, and the outermost layers of the thermistor are constituted 
of ceramic layers 3a and 3b having resistivity higher than that of the 
thermistor layer 1 between the internal electrodes 2a and 2b. The 
composition of the thermistor is adjusted so that the thermistor layer 1 
and ceramic layers 3a and 3b are sintered at the same temperature. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The laminating mold thermistor which formed the outermost 
layer in the laminating mold thermistor which was electrically connected 
to the external electrode of a pair, and it, and which has an internal 
electrode more than a pair at least in the ceramic layer with specific 
resistance higher than the thermistor layer between said internal 
electrodes. 

[Claim 2] The laminating mold thermistor according to claim 1 which 
carried out presentation adjustment so that a thermistor layer and a 
ceramic layer might be sintered at the same temperature. 
[Claim 3] The laminating mold thermistor according to claim 1 which set 
up the coefficient of thermal expansion of a ceramic layer so that it 
might become smaller than the coefficient of thermal expansion of a 
thermistor layer. 

[Claim 4] The laminating mold thermistor according to claim 1 which 
formed the thickness of a ceramic layer more thickly than the thickness 
of a thermistor layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laminating mold 
thermistor used for the temperature compensation of a crystal oscillator 
etc. 
[0002] 

[Description of the Prior Art] The conventional laminating mold 
thermistor is indicated by JP, 50-11585, B, and shows the structure to 
drawing 2 . A laminating mold thermistor has the internal electrodes 6a 
and 6b of a pair on both sides of the thermistor layer 5, and one edge 
of these internal electrodes 6a and 6b has composition connected to the 
external electrodes 7a and 7b, respectively. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the resistance R of 
said laminating mold thermistor becomes settled with the resistance RC 
between the tip of internal electrode 6a, and the resistance RA between 
6b and internal electrode 6a, between external electrode 7b and the 
point of internal electrode 6b, the resistance RB between external 
electrode 7a and external electrode 7a, and 7b. That is, the relation of 
a degree type is materialized. 

[0004] Like 1/R= 1-/RA+1-/RB+1-/RC, therefore the conventional 
laminating mold thermistor, when the layer of between internal electrode 
6a and 6b and others is formed with the ceramic of the same ingredient 
While resistance designing becomes difficult [ other than RA element ] 
in response to the effect of RB and RC element and the yield falls When 
this laminating mold thermistor is used under a severe environment for a 
long period of time, the technical problem that the whole resistance 
rate of change becomes large occurs in response to the effect of change 
of the resistance RC between external electrode 7a and 7b (especially 
surface layer component). Moreover, in order to design high resistance, 
if spacing of internal electrodes 6a and 6b is enlarged, the effect will 
become large further. 

[0005] This invention solves the conventional technical problem and a 
resistance design aims at offering the easy laminating mold thermistor 
which was moreover excellent in the resistance to environment. 
[0006] 

[Means for Solving the Problem] In order to solve this technical problem 
the laminating mold thermistor of this invention In the laminating mold 
thermistor which was electrically connected to the external electrode of 



a pair, and it and which has an internal electrode more than a pair at 
least While making small whenever [ to an internal electrode RA / effect 
/ of RB and RC ] by forming the outermost layer in a ceramic layer with 
specific resistance higher than the thermistor layer between internal 
electrodes Effect of the change in resistance of the external inter- 
electrode surface layer resistance RC can be made small, and this 
attains the desired end. 
[0007] 

[Embodiment of the Invention] In the laminating mold thermistor by which 
invention of this invention according to claim 1 was electrically 
connected to the external electrode of a pair, and it and which has an 
internal electrode more than a pair at least By being the laminating 
mold thermistor which formed the outermost layer in the ceramic layer 
with specific resistance higher than the thermistor layer between said 
internal electrodes, and forming the outermost layer in the high ceramic 
layer of specific resistance While whenever [ effect / of the resistance 
components RB and RC of others to the internal inter-electrode 
resistance RA ] can be made small and a resistance design becomes easy, 
environment-resistant ability can also be raised. 

[0008] Invention according to claim 2 is the laminating mold thermistor 
according to claim 1 which carried out presentation adjustment, as a 
thermistor layer and a ceramic layer are sintered at the same 
temperature, by making a thermistor layer and a ceramic layer sinter at 
the same temperature, both eburnation advances to coincidence and 
distortion by both laminating interface can prevent the fall of the 
mechanical strength of the sintered compact of a laminating mold 
thermistor few. 

[0009] Invention according to claim 3 is the laminating mold thermistor 
according to claim 1 which set up the coefficient of thermal expansion 
of a ceramic layer smaller than the coefficient of thermal expansion of 
a thermistor layer, and by this, a laminating mold thermistor can be in 
the condition that compressive stress was always added from the 
outermost layer front face, and can raise a mechanical strength. 
[0010] Invention according to claim 4 is the laminating mold thermistor 
according to claim 1 which formed the thickness of a ceramic layer more 
thickly than the thickness of a thermistor layer, and has the 
effectiveness that whenever [ effect / of the resistance components RB 
and RC of others to the internal inter-electrode resistance RA ] can be 
made still smaller by this. 

[0011] Hereafter, the gestalt of 1 operation of this invention is 
explained using an accompanying drawing. Drawing 1 shows the sectional 



view of the laminating mold thermistor in the gestalt of 1 operation of 
this invention. For 1, in drawing, a thermistor layer, 2a, and 2b are 
[ a ceramic layer and 4a and 4b of an internal electrode, and 3a and 
3b ] external electrodes. The resistance R of the obtained laminating 
mold thermistor is expressed with a degree type. 

[0012] The resistance Rl of a laminating mold thermistor the resistance 
R2 which generates 1/R=1/R1+1/R2+1 / R3, however R between internal 
electrode 2a and 2b Between an internal electrode 2a point and external 
electrode 4b, And as for the magnitude of the resistance at the time of 
forming the thermistor layer 1 and the ceramic layers 3a and 3b in the 
general resistance target generated between external electrode 4a and 4b 
with the same ingredient, the resistance R3 generated between the point 
of internal electrode 2b and external electrode 4a has the relation of 
R1<R2<R3. Moreover, Rl is expressed with a degree type when specific 
resistance of S and the thermistor layer 1 is set [ the distance between 
internal electrode 2a and 2b ] to pi for T, internal electrode 2a, and 
the opposed face product of 2b. 

[0013] The distance between external electrode 4b which constitutes the 
specific resistance of the ceramic layers 3a and 3b from a high 
ingredient, and faces p2, internal electrode 2a, or the point of 2b and 
it in the specific resistance from the Rl=pl. T-/S thermistor layer 1, 
and 4a L, If distance between external electrode 4a and 4b is set to D, 
it will become the value to which R2 was proportional to pi, p2, and L, 
and R3 is proportional to pi, p2, and D. 

[0014] If the outermost layer of the conventional laminating mold 
thermistor of drawing 2 is constituted from same ingredient as the 
thermistor layer 1 of the gestalt of this operation and other parameters 
(S, T, L, D) make it the same, it will become the value to which R2 of 
the conventional laminating mold thermistor was proportional to pi and L, 
and R3 is proportional to pi and D. 

[0015] Therefore, R2 and R3 of the laminating mold thermistor of the 
gestalt of this operation from the relation of pl<p2 become smaller than 
the conventional thing. 

[0016] Next, the concrete example of this invention is explained. 
(Example) Each ingredient of specific resistance pl=2. 4komega and cm 
which consists of Mn^nickel Xr=81. 5* 17. 5^ 1. 0 (at%), and specific 
resistance p2=12komega and cm which consist of 

Mn ' nickel : aluminum :Cr=72. 5: 17. 5*9. 0: 1. 0 (at%) was produced using the 
well-known ceramic industry-technique. 

[0017] Next, the green sheet with a thickness of 25 micrometers was 
produced for said ingredient using the well-known doctor blade method. 
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respectively. 

[0018] Subsequently, the Green block of a laminating mold thermistor was 
produced according to the manufacture approach of a well-known 
laminating ceramic condenser. 

[0019] First, five-layer laminating pressurization arrival of the 
Mn : nickel 'aluminum :Cr system green sheet of a high specific resistance 
ingredient is carried out, and the green sheet of the outermost layer 
ceramic layers 3a and 3b is produced. 

[0020] Next, after carrying out two-layer laminating sticking by 
pressure of the green sheet of the Mn- nickel :Cr system of a low specific 
resistance ingredient in the green sheet side of ceramic layer 3a, 
Laminating sticking by pressure of the Mn-nickel-Cr system green sheet 
of low electrical resistance materials which formed internal electrode 
2a in the field with the electrode paste which uses Pd as a principal 
component by screen-stencil is performed. Then, the Mn-nickel-Cr system 
green sheet of low electrical resistance materials which formed internal 
electrode 2b like the field is predetermined ****** made into the 
longitudinal direction of internal electrode 2a, and laminating sticking 
by pressure is performed. Furthermore, two-layer laminating sticking by 
pressure was performed for the Mn-nickel-Cr system green sheet of low 
electrical resistance materials, laminating sticking by pressure of the 
green sheet of Mn : nickel : aluminum^ Cr system ceramic layer 3b of a high 
specific resistance ingredient was carried out at the last, and the 
layered product Green block (not shown) was produced. 
[0021] Then, the produced Green block is cut in a predetermined 
dimension, and the Green chip is obtained. The obtained Green chip is in 
the condition that the end face of internal electrode 2b was exposed to 
the other-end side where the end face of internal electrode 2a counters 
one end face on both sides of the Mn-nickel-Cr system green sheet of low 
electrical resistance materials. 

[0022] After calcinating the obtained Green chip at the temperature of 
1350 degrees C in atmospheric air and producing a sintered compact, 
beveling of a sintered compact is performed and one end face of internal 
electrode 2a and 2b is completely exposed to the both-ends side of a 
sintered compact. 

[0023] Then, after applying to the both-ends surface part of a sintered 
compact the electrode paste which uses Ag as a principal component, it 
burned at the temperature of 800 degrees C, and the external electrodes 
4a and 4b were formed. 

[0024] Next, the nickel film and the laminating mold thermistor which 
forms the solder film on it further and is shown in drawing 1 were 



completed with electrolysis plating on the field of the external 
electrodes 4a and 4b. 

[0025] Moreover, the conventional laminating mold thermistor which shows 
all layers to drawing 2 like this example, using the Mn-nickel~Cr system 
green sheet of low electrical resistance materials as an example of a 
comparison was produced. 

[0026] with the variation in the resistance R of the laminating mold 
thermistor of this example and the conventional example which were 
produced, and a humidity [ the temperature of 85 degrees C and 85% of 
humidity ] constant temperature — the rate of a change in resistance 
before and behind the shelf test in ** left in a constant humidity 
chamber for 1000 hours was evaluated, and the result was shown in (Table 

1). 

[0027] 
[Table l] 















2 - 0 3 k Q 


1 . 1 8 % 


0 . 5 6 96 




1 - 9 2 k Q 


2. 0 1 96 


2. 0 1 96 



[0028] As shown in (Table 1), it turns out that the resistance rate of 
change in 1/2 and the shelf test in ** has become as small [ resistance 
coefficient of variation ] as one fifth as compared with the 
conventional example as for the laminating mold thermistor of this 
invention. It is shown that the contribution of the resistance R2 and R3 
over resistance Rl becomes small, and this can acquire the value as a 
design by forming the ceramic layers 3a and 3b of high specific 
resistance in the outermost layer of this invention. Moreover, it is 
thought that the contribution of resistance R3 change of external 
electrode 4a, ceramic layer 3a between 4b, and 3b front face became 
small also in the shelf test in **, and the rate of a change in 
resistance also became small. 

[0029] Therefore, if the opposed face product S and distance T of 
internal electrode 2a and 2b are produced with a sufficient precision, 
the laminating mold thermistor which was excellent in opposite 
environment nature with little effect of a resistance fluctuation 
element with the point of internal electrode 2a and 2b and the parameter 
of the spacing D between the distance L of the external electrodes 4a 
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and 4b, external electrode 4a, and 4b can be offered, and it will become 

the high thing of effectiveness industrially. 

[0030] 

[Effect of the Invention] Above, in the laminating mold thermistor which 
was electrically connected to the external electrode of a pair, and it 
and which has an internal electrode more than a pair at least, by 
forming the outermost layer in a ceramic layer with specific resistance 
higher than the thermistor layer between said internal electrodes, a 
resistance design is easy, resistance variation is small and, according 
to this invention, offer of the laminating mold thermistor which was 
moreover excellent in moisture resistance of it is attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the laminating mold thermistor of the 
gestalt of 1 operation of this invention 

[Drawing 2] The sectional view of the conventional laminating mold 
thermistor 

[Description of Notations] 

1 Thermistor Layer 

2a, 2b Internal electrode 

3a, 3b Ceramic layer 

4a, 4b External electrode 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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